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CLAIMS 
(57) [Claim(s)] 

[Claim 1] It has the sound-volume control circuit which controls the level of an 
input sound signal, and the voice amplifying circuit which amplifies the sound 
signal supplied from this sound-volume control circuit, and is supplied to a 
loudspeaker. While the above-mentioned voice amplifying circuit consists of 
amplifier and output resistance, preparing the outgoing end which takes out the 
sound signal supplied to the above-mentioned loudspeaker from the outgoing 
end of this output resistance and hanging feedback gain control on the 
above-mentioned amplifier from this outgoing end The current detector which 
detects the signal current which flows to the above-mentioned output resistance 
of the above-mentioned voice amplifying circuit, The loudspeaker actuation 



circuit characterized by adding and constituting the current control means which 
controls the output current of the above-mentioned voice amplifying circuit when 
the above-mentioned sound-volume control circuit controls the level of the 
above-mentioned input sound signal according to the signal current detected by 
this current detector. 

[Claim 2] The above-mentioned current detector is a loudspeaker actuation 
circuit according to claim 1 which consists of differential amplifier which detects 
the signal current which the potential difference between the ends of the 
above-mentioned output resistance is supplied, and flows to the 
above-mentioned output resistance. 

[Claim 3] The above-mentioned current control means is the loudspeaker 
actuation circuit according to claim 1 constituted so that it might have further the 
peak hold circuit which carries out the predetermined time peak hold of the 
output of the above-mentioned current detector and the above-mentioned 
sound-volume control circuit might control the level of the above-mentioned input 
sound signal according to the output of this peak hold circuit. [Claim 4] The 
above-mentioned current control means detects the signal current which flows to 
the above-mentioned output resistance of the above-mentioned voice amplifying 
circuit. When this value of the detected signal current is compared with the value 



equivalent to the allowance input current value of the above-mentioned 
loudspeaker and the value of the above-mentioned signal current exceeds the 
value equivalent to the above-mentioned allowance input current value The 
loudspeaker actuation circuit according to claim 1 to 3 constituted so that the 
output current of the above-mentioned voice amplifying circuit might be 
controlled, when the above-mentioned sound-volume control circuit reduced the 
level of the above-mentioned input sound signal according to the signal current 
by which detection was carried out [ above-mentioned ]. 

[Claim 5] While supplying the signal current by which detection was carried out 
[ above-mentioned ] to the above-mentioned sound-volume control circuit 
through a switch, the above-mentioned current control means Compare with the 
value equivalent to the allowance input current value of the above-mentioned 
loudspeaker the value of the signal current by which detection was carried out 
[ above-mentioned ] in a comparison circuit, and when the value with which the 
value of the above-mentioned signal current is equivalent to the 
above-mentioned allowance input current value with this comparison output is 
exceeded, the above-mentioned switch is carried out to ON. The loudspeaker 
actuation circuit according to claim 4 constituted so that the output current of the 
above-mentioned voice amplifying circuit might be controlled, when the 



above-mentioned sound-volume control circuit reduced the level of the 
above-mentioned input sound signal according to the signal current by which 
detection was carried out [ above-mentioned ]. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the loudspeaker actuation circuit 
where the loudspeaker was protected good, when it is used by PA (public audio) 
system etc. and especially the output current becomes beyond the allowance 
input current value of a loudspeaker. 
[0002] 

[Description of the Prior Art] for example, in PA (public audio) system, in order to 
generate the amount of Oto, it was alike occasionally, it carried out, the output 
current of an amplifying circuit exceeded the allowance input current of a 
loudspeaker, and there was a possibility that accident, such as an open circuit 
by generation of heat of a voice coil, might occur. Then, in order to protect a 



loudspeaker from such accident, the loudspeaker protection network which 
regulates the output current of an amplifying circuit below to allowance is 
examined. 

[0003] That is, in drawing 5 , the sound signal supplied to the input terminal 71 is 
amplified with amplifier 72, and this amplified signal is supplied to a loudspeaker 
75 through a resistor 73 and relay 74. Moreover, the electrical potential 
difference between the ends of a resistor 73 is supplied to an overcurrent 
sensing circuit 76, and the current which flows a resistor 73 with the drop 
electrical potential difference produced according to a current is detected. And 
the detecting signal from this overcurrent sensing circuit 76 is supplied to the 
control terminal of relay 74. 

[0004] Therefore, in this circuit, while a loudspeaker 75 drives with the sound 
signal supplied to the input terminal 71, the electrical potential difference 
according to the signal current supplied among the ends of a resistor 73 at a 
loudspeaker 75 is generated. And the electrical potential difference between the 
ends of this resistor 73 is supplied to an overcurrent sensing circuit 76, the 
excessive current more than an allowance input current is detected, and when 
this detecting signal is obtained, supply of the excessive current more than the 
allowance input current from amplifier 72 to a loudspeaker 75 is intercepted by 



turning off relay 74. 

[0005] However, in this circuit, since the resistor 73 for excessive current 
detection is in the circuit of a loudspeaker 75, while the power impressed to a 
loudspeaker 75 decreases and effectiveness falls with the drop electrical 
potential difference of a resistor 73, there is also a possibility that distortion etc. 
may occur. Moreover, since the circuit of a loudspeaker 75 was cut by relay 74, 
there was also a possibility of the voice generated being intermittent, and 
sensing sense of incongruity in case it is listening. 

[0006] On the other hand, the circuit as shown in JP,4-50913,U is proposed. 
That is, drawing 6 is drawing of the circuit proposed in this official report (drawing 
1), and in this drawing 6 , it returns to the reversal input of an amplifier 82 
through resistors 84 and 85 while the sound signal supplied to the input terminal 
81 is supplied to the noninverting input of an amplifier 82 and the output signal of 
this amplifier 82 is supplied to the end of the voice coil of a loudspeaker 83. 
[0007] Moreover, while the other end of the voice coil of a loudspeaker 83 is 
grounded through a resistor 86, this other end is supplied to the reversal input of 
amplifier 88 through a resistor 87. And it is grounded by the noninverting input of 
this amplifier 88, and the output of this amplifier 88 is supplied to the reversal 
input of amplifier 88 through a resistor 89. Furthermore, the output of this 



amplifier 88 is supplied to the reversal input of amplifier 82 through resistors 90 
and 91. 

[0008] Therefore, in the circuit so far, in case positive feedback is hung on 
amplifier 82, especially a small loudspeaker is used, low-pass enhancement is 
achieved. However, in this circuit, when an excessive input is supplied, linearity 
gets worse by this positive feedback, and there is a fault of being easy to 
generate distortion. Then, in this circuit, as shown all over drawing, the feedback 
current-limiting circuit 92 is established in the output side of amplifier 82. 
[0009] That is, in this feedback current-limiting circuit 92, the output signal of 
amplifier 82 is grounded through resistors 93 and 94, and this connection middle 
point is connected to the end of the parallel circuit of a capacitor 96 and a 
resistor 97 through diode 95. Furthermore the other end of this parallel circuit is 
grounded, and the end of this parallel circuit is connected to the base of a 
transistor 99 through a resistor 98. And the collector of this transistor 99 is 
connected at the connection middle point of resistors 90 and 91, and the emitter 
is made to be grounded. 

[001 0] If the output current of an amplifier 82 becomes excessive in this circuit by 
this, diode 95 will flow and the potential of the end of the parallel circuit of a 
capacitor 96 and a resistor 97 will rise. And if this potential becomes high, 



between the collector of a transistor 99 and an emitter will flow, the positive 
feedback which leads resistors 90 and 91 is intercepted, and the output current 
of amplifier 82 is regulated. 

[0011] However, in this circuit, although the output of amplifier 82 is detected, 
since the current itself which flows a loudspeaker 83 is not detected, the level 
detected by change of the impedance of a loudspeaker 83 will be changed, and 
fluctuation will be produced in the feedback current-limiting circuit 92 also in the 
output level which decreased and accomplished the amount of positive 
feedbacks of amplifier 82 with abbreviation regularity. In order to change the 
amount of feedback of amplifier 82 furthermore, there were troubles, like 
actuation of amplifier 82 also becomes instability. 
[0012] 

[Problem(s) to be Solved by the Invention] The trouble which is going to 
accomplish this application in view of such a point, and it is going to solve The 
power impressed to a loudspeaker with the drop electrical potential difference of 
a resistor with the conventional configuration since the resistor for excessive 
current detection is in the circuit of a loudspeaker decreases. Since 
effectiveness had not detected the current itself which there is a possibility that 
lowering, distortion, etc. may occur or flows a loudspeaker, there was [ level 



detected by change of the impedance of a loudspeaker ] a trouble of producing 

fluctuation. 

[0013] 

[Means for Solving the Problem] The sound-volume control circuit 2 where the 
1st means by this invention controls the level of an input sound signal, It has the 
voice amplifying circuit 3 which amplifies the sound signal supplied from this 
sound-volume control circuit, and is supplied to a loudspeaker. The 
above-mentioned voice amplifying circuit 3 consists of amplifier 31 and output 
resistance (resistors 36 and 37). While preparing the outgoing end which takes 
out the sound signal supplied to the above-mentioned loudspeaker from the 
outgoing end of this output resistance and hanging feedback gain control 
(resistor 38) on the above-mentioned amplifier from this outgoing end The 
current detector which detects the signal current which flows to the 
above-mentioned output resistance of the above-mentioned voice amplifying 
circuit (differential amplifying circuit 5), When the above-mentioned 
sound-volume control circuit controls the level of the above-mentioned input 
sound signal according to the signal current detected by this current detector, it 
is the loudspeaker actuation circuit characterized by adding and constituting the 
current control means which controls the output current of the above-mentioned 



voice amplifying circuit. 

[0014] The 2nd means by this invention is a loudspeaker actuation circuit 1st 
given in a means which consists of differential amplifier 5 which detects the 
signal current which the potential difference between the ends of the 
above-mentioned output resistance is supplied to the above-mentioned current 
detector, and flows to the above-mentioned output resistance. The 3rd means by 
this invention is the loudspeaker actuation circuit 1st given in a means 
constituted so that the above-mentioned current control means might be further 
equipped with the peak hold circuit 6 which carries out the predetermined time 
peak hold of the output of the above-mentioned current detector and the 
above-mentioned sound-volume control circuit might control the level of the 
above-mentioned input sound signal according to the output of this peak hold 
circuit. [0015] The 4th means by this invention the above-mentioned current 
control means The signal current which flows to the above-mentioned output 
resistance (resistors 36 and 37) of the above-mentioned voice amplifying circuit 
3 is detected (differential amplifying circuit 5). When this value of the detected 
signal current is compared with the value (source 9 of reference voltage) 
equivalent to the allowance input current value of the above-mentioned 
loudspeaker (circuit 8) and the value of the above-mentioned signal current 



exceeds the value equivalent to the above-mentioned allowance input current 
value When the above-mentioned sound-volume control circuit reduces the level 
of the above-mentioned input sound signal according to the signal current by 
which detection was carried out [ above-mentioned ], it is the loudspeaker 
actuation circuit 1-3rd given in a means constituted so that the output current of 
the above-mentioned voice amplifying circuit might be controlled. 
[0016] While the 5th means by this invention supplies the signal current by which 
detection was carried out [ above-mentioned ] to the above-mentioned 
sound-volume control circuit 2 through a switch 7, the above-mentioned current 
control means The value of the signal current by which detection was carried out 
[ above-mentioned ] is compared with the value (source 9 of reference voltage) 
equivalent to the allowance input current value of the above-mentioned 
loudspeaker in a comparison circuit 8. When the value with which the value of 
the above-mentioned signal current is equivalent to the above-mentioned 
allowance input current value with this comparison output is exceeded, the 
above-mentioned switch is turned ON. When the above-mentioned 
sound-volume control circuit reduces the level of the above-mentioned input 
sound signal according to the signal current by which detection was carried out 
[ above-mentioned ], it is the loudspeaker actuation circuit 4th given in a means 



constituted so that the output current of the above-mentioned voice amplifying 

circuit might be controlled. 

[0017] 

[Function] Since according to this the signal current which flows to the output 
resistance of the output stage within a feedback loop of a voice amplifying circuit 
is detected, the sound voiume of a sound-volume control circuit is controlled by 
this detected signal current and it was made to set the output current constant 
While the output resistance of the output stage of a voice amplifying circuit does 
not decrease the power impressed to a loudspeaker An always good 
loudspeaker can be protected without the level detected by change of the 
impedance of a loudspeaker not producing fluctuation, and actuation becoming 
instability by change of the amount of feedback of amplifier. 
[0018] 

[Example] Drawing 1 is the block diagram showing the configuration of one 
example of the loudspeaker actuation circuit by this invention. In this drawing 1 , 
the sound signal supplied to the input terminal 1 is supplied to the voice 
amplifying circuit 3 through the sound-volume control circuit 2 which constitutes 
the loudspeaker actuation circuit 10 by this invention. The output signal of this 
voice amplifying circuit 3 is supplied to the end of the voice coil of a loudspeaker 



4. The other end of the voice coil of this loudspeaker 4 is grounded. 
[0019] Moreover, in this voice amplifying circuit 3, the output of the 
sound-volume control circuit 2 is connected to the noninverting input of an 
amplifier 31, and the output of this amplifier 31 is connected to the base of the 
transistors 34 and 35 of a complementary type through bias voltage 32 and 33, 
respectively. The collector of these transistors 34 and 35 is connected to a 
power source and touch-down, respectively. And the emitter of these transistors 
34 and 35 is mutually connected through resistors 36 and 37, and this 
connection middle point is connected to the end of the voice coil of a 
loudspeaker 4. 

[0020] The connection middle point of the further above-mentioned resistors 36 
and 37 is connected to the reversal input of amplifier 31 through resistors 38 and 
39. While feedback is hung on this amplifier 31 by this, the signal from the 
sound-volume control circuit 2 is amplified and a loudspeaker 4 is supplied, the 
signal proportional to the outgoing end of amplifier 31 is taken out by considering 
transistors 34 and 35 as a push pull configuration at the connection middle point 
of resistors 36 and 37. 

[0021] Then, while the potential of the ends (emitter of transistors 34 and 35) of 
these resistors 36 and 37 is supplied to the reversal input and noninverting input 



of the differential amplifier 53 through the resistors 51 and 52 which constitute a 
differential amplifying circuit 5, respectively and the noninverting input of this 
differential amplifier 53 is grounded through a resistor 54, the output of the 
differential amplifier 53 returns to a reversal input through a resistor 55. The 
potential of the forward direction from the ends of resistors 36 and 37 and the 
potential of the negative direction are transformed into the potential based on 
touch-down by this. 

[0022] Furthermore, the output of this differential amplifying circuit 5 is 
connected to the end of the parallel circuit of a capacitor 62 and a resistor 63 
through the diode 61 which constitutes the peak hold circuit 6. The other end of 
this parallel circuit is grounded. The peak hold of the output signal from a 
differential amplifying circuit 5 is carried out by this, and the signal of this held 
peak value is supplied to the control terminal of the sound-volume control circuit 
2 through a switch 7. 

[0023] Moreover, the signal from the peak hold circuit 6 is supplied to one input 
of a comparison circuit 8, and the electrical potential difference which is further 
equivalent to the allowance input current value of the loudspeaker 4 from the 
source 9 of reference voltage is supplied to the input of another side of a 
comparison circuit 8. From this comparison circuit 8, when the signal from the 



peak hold circuit 6 exceeds the electrical potential difference equivalent to the 
allowance input current value of a loudspeaker 4, an output is taken out by this, 
and ON control of the switch 7 is carried out with this output. 
[0024] That is, in this circuit, the current which flows to the feedback resistor 38 
of amplifier 31 can be disregarded compared with the current which flows to a 
loudspeaker 4. Therefore, it can be considered that the current which flows to a 
loudspeaker 4 is equal to the current passed by the output resistance machine 
36 at the time of the forward voltage output of amplifier 31, and it is equal to the 
current passed by the output resistance machine 37 at the time of the negative 
voltage output of amplifier 31 . 

[0025] Moreover, the idling current passed through the output resistance 
machines 36 and 37 Since it is set to the level which can be disregarded 
compared with the current passed by the loudspeaker 4 on the level for which 
protection of a loudspeaker 4 is needed, the current which flows to a 
loudspeaker 4 also here It can be considered that it is equal to the current 
passed by the output resistance machine 36 at the time of the forward voltage 
output of amplifier 31, and equal to the current passed by the output resistance 
machine 37 at the time of the negative voltage output of amplifier 31 . 
[0026] Then, the electrical potential difference between the ends of the output 



resistance machines 36 and 37 of amplifier 31 is transformed into the electrical 
potential difference of touch-down criteria in a differential amplifying circuit 5, 
fixed time amount electrical-potential-difference maintenance is performed in the 
peak hold circuit 6, and the sound-volume control circuit 2 is controlled by this 
electrical potential difference. When a current more excessive than the set point 
flows to a ioudspeaker 4 by this, the electrical potential difference between the 
ends of the output resistance machines 36 and 37 of amplifier 31 becomes large, 
the electrical potential difference which appears in the peak hold circuit 6 also 
increases, the sound-volume control circuit 2 is controlled, signal level is 
reduced, and a loudspeaker 4 is protected. 

[0027] In this way, according to above-mentioned equipment, the signal current 
which flows to the output resistance (resistors 36 and 37) of the output stage 
within a feedback loop of the voice amplifying circuit 3 is detected (differential 
amplifying circuit 5). Since the sound volume of the sound-volume control circuit 
2 is controlled by this detected signal current and it was made to set the output 
current constant While the output resistance (resistors 36 and 37) of the output 
stage of the voice amplifying circuit 3 does not decrease the power impressed to 
a loudspeaker 4 The always good loudspeaker 4 can be protected without the 
level detected by change of the impedance of a loudspeaker 4 not producing 



fluctuation, and actuation becoming instability by change of the amount of 
feedback of amplifier 31 . 

[0028] In addition, when the sound-volume control circuit 2 is controlled directly 
on the electrical potential difference which is an above-mentioned configuration, 
for example, appears in the peak hold circuit 6, in order to perform feedback 
control aiso in ievei without the need that control of the sound-volume control 
circuit 2 protects a loudspeaker 4, it will be in the condition that the amplitude 
modulation by the current which always flows to a loudspeaker 4 has started, 
and degradation of tone quality will arise. 

[0029] So, the electrical potential difference which appears in the peak hold 
circuit 6 is compared with the electrical potential difference equivalent to the 
allowance input current value of the loudspeaker 4 from the source 9 of 
reference voltage in a comparison circuit 8, only when the electrical potential 
difference which appears in the peak hold circuit 6 is larger than the electrical 
potential difference equivalent to the allowance input current value of a 
loudspeaker 4, ON control of the switch 7 is carried out, and with the 
above-mentioned configuration, it is made to perform feedback control. 
[0030] By this, when the electrical potential difference which appears in the peak 
hold circuit 6 is smaller than the electrical potential difference equivalent to the 



5 



allowance input current value of a loudspeaker 4, feedback control can be 
intercepted and degradation of the tone quality by amplitude modulation can be 
prevented. However, this invention excludes a switch 7, a comparison circuit 8, 
and source of reference voltage 9 grade, and even if it is always made to 
perform feedback control, it can operate. 

[0031] Therefore, it sets in this circuit and is 1. Since there is no cutting in the 
circuit by relay as compared with the former, the sense of incongruity by 
intermittence of a sound does not arise. 

2 Since the resistor for detection of an overcurrent is in a feedback loop as 
compared with the former, there is no reduction of the supply voltage to the 
loudspeaker 4 by the resistor for overcurrent detection. 

3 In order not to change the amount of feedback of amplifier 31 as compared 
with the former, actuation of amplifier 31 is stable. 

4 Since the current which flows to a loudspeaker 4 as compared with the former 
is detected, the relation of the output current fixed by sound-volume control with 
the level which starts feedback control is fixed. 

[0032] In addition, in an above-mentioned circuit, the configuration of the voice 
amplifying circuit 3 may be used as BTL connection which prepared two 
equivalent amplifying circuits as shown in drawing 2 , supplied the signal 



reversed through the inverter 30 to one side (['] is attached and shown in a sign), 
and supplied both output to the ends of the voice coil of a loudspeaker 4. in this 
case, detection of the signal current — either of two amplifying circuits - a line — 
**** -- it is good. 

[0033] Moreover, in an above-mentioned circuit, the amplifier 31 of the voice 
amplifying circuit 3 can acquire the operation effectiveness that not only 
above-mentioned noninverting magnification but reversal magnification as 
shown in drawing 3 is the same. 

[0034] In a further above-mentioned circuit, this invention can carry out not only 
the amplifying circuit that has the output stage of a push pull configuration but a 
configuration as shown in drawing 4 . That is, the output of an amplifier 31 is 
connected to the base of a transistor 34 in drawing 4 . While the collector of this 
transistor 34 is connected to a power source, the emitter of this transistor 34 is 
connected to the end of the voice coil of a loudspeaker 4 through the output 
resistance machine 36. Furthermore, it connects with the reversal input of 
amplifier 31 through the end resistors 38 and 39 of the voice coil of this 
loudspeaker 4. And the ends of the output resistance machine 36 are connected 
to the differential amplifier 53 through resistors 51 and 52, respectively. 
[0035] While feedback is hung on amplifier 31 by this like an above-mentioned 



circuit, the signal from the sound-volume control circuit 2 is amplified also in this 
circuit and a loudspeaker 4 is supplied, a signal completely equivalent to the 
outgoing end of amplifier 31 is taken out by the other end of a resistor 36. And by 
detecting the potential between the ends of this resistor 36, direct detection of 
the current passed by the loudspeaker 4 is carried out, and the good 
loudspeaker 4 can be protected using this detected value. 
[0036] 

[Effect of the Invention] Since according to this invention the signal current which 
flows to the output resistance of the output stage within a feedback loop of a 
voice amplifying circuit is detected, the sound volume of a sound-volume control 
circuit is controlled by this detected signal current and it was made to set the 
output current constant While the output resistance of the output stage of a voice 
amplifying circuit does not decrease the power impressed to a loudspeaker The 
always good loudspeaker could be protected without the level detected by 
change of the impedance of a loudspeaker having not produced fluctuation, and 
actuation becoming instability by change of the amount of feedback of amplifier. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of an example of the loudspeaker actuation 
circuit by this invention. 

[Drawing 2] It is the block diagram of other examples of the loudspeaker 
actuation circuit by this invention. 

[Drawing 3] It is the block diagram of other examples of the loudspeaker 
actuation circuit by this invention. 

[Drawing 4] It is the block diagram of other examples of the loudspeaker 
actuation circuit by this invention. 

[Drawing 5] It is the block diagram of the conventional loudspeaker actuation 
circuit. 

[Drawing 6] It is the block diagram of the conventional loudspeaker actuation 
circuit. 

[Description of Notations] 

10 Loudspeaker Actuation Circuit 

1 Input Terminal 

2 Sound-Volume Control Circuit 

3 Voice Amplifying Circuit 

4 Loudspeaker 



31 Amplifier 

32 33 Bias voltage 

34 35 Transistor of a complementary type 
36 37 Resistor 
38 39 Resistor 

5 Differential Amplifying Circuit 
51 52 Resistor 

53 Differential Amplifier 

54 55 Resistor 

6 Peak Hold Circuit 

61 Diode 

62 Capacitor 

63 Resistor 

7 Switch 

8 Comparison Circuit 

9 Source of Reference Voltage 
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(54) DIGITAL POWER AMPLIFIER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To decrease signal distortion components 
generated in the output signal of a digital power amplifier. 

SOLUTION: By connecting load means 5, 6 and 7, among a PWM means 2 for 
converting a digital signal S6 to two one-side PWM signals S7 and S8, as 
relation of complement of '2', the output side of a first power switching means 3 
for applying switching control by one of these one-side PWM signals and the 
output side of a second power switching means 4 for applying switching control 
by the other one-side PWM signal, the signal distortion component of a power 
signal outputted to this load means is decreased sufficiently. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An PWM means to be the digital power amplification which was made 
to carry out switching control of the power amplification stage, and to change an 
input signai into two singie-sided PWM signals which have the relation of a two's 
complement, The 1st power-switching means by which switching control is 
carried out with one PWM signal of said two single-sided PWM signals, It has the 
2nd power-switching means by which switching control is carried out with the 
PWM signal of another side of said two single-sided PWM signals. Between the 
output side of said 1st power-switching means, and the output side of said 2nd 
power-switching means Digital power amplification characterized by supplying 
an output signal to the connected load means. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to the digital power amplification 
which applied when the switching control of the power amplification stage was 
made to be carried out, and consisted of suitable class D amplifiers. 
[0002] 

[Description of the Prior Art] The signal amplifier generally conventionally called 
a class D amplifier (class D amplification) is especially known as one gestalt of 
the signal amplifier of an audio frequency (audio frequency) band signal. As a 
typical example of this class D amplifier, as shown in drawing 2 A 
Pulse-Density-Modulation amplifier () [ pulse width ] Change of the signal level of 
the digital signal S1 of an audible frequency range inputted into the signal input 
edge 1 by modulation amplified is changed into the PWM (pulse width 
modulation) signal S2 expressed with change of the pulse width direction. This 
signal S2 and this signal S2, and the wave-like PWM signal S3 which has a 
negative relation are generated by this Pulse-Density-Modulation amplifier 2. 
[0003] And the drain side of this 

power-metal-oxide-semiconductor-field-effect-transistor component 4 that 
connected between the source of N channel 
power-metal-oxide-semiconductor-field-effect-transistor component 4 and the 
drains of N channel power-metal-oxide-semiconductor-field-effect-transistor 



component 5, and was connected to the serial is connected to a power source 
Vcc. Ground the source side of this 

power-metal-oxide-semiconductor-field-effect-transistor component 5, and the 
power switching circuit section 3 is constituted. Supply and switch this PWM 
signal S2 to the gate of this 

power-metai-oxide-semiconductor-field-effect-transistor component 4, and this 
PWM signal S3 is supplied and switched to the gate of this 
power-metal-oxide-semiconductor-field-effect-transistor component 5. From this 
node between the source of the 

power-metal-oxide-semiconductor-field-effect-transistor component 4, and the 
drain of the power-metal-oxide-semiconductor-field-effect-transistor component 
5 Power switching signal S4 of an PWM wave switched and generated 
according to change of the pulse width direction of this PWM signal S2 and the 
PWM signal S3 is outputted from the power switching circuit section 3. 
[0004] And the audible frequency range analog power signal S5 corresponding 
to a digital signal S1 recovers this power switching signal S4 from this power 
switching signal S4 through the low-pass mold frequency filter section 6 which 
consisted of a choke coil 7 and a capacitor 8 further, this analog power signal S5 
to which it restored is supplied to a loudspeaker 9, and this audible frequency 



range analog power signal S5 is reproduced. 

[0005] Moreover, there is a both-sides PWM modulated wave form shown in the 
single-sided PWM modulated wave form shown in drawing 2 B and drawing 2 C 
as a thing typical as this PWM modulated wave form of this power switching 
signal S4. 

[0006] The wave which the wave shown in drawing 2 B by 1 B expressed the 
single-sided PWM wave of PWM signal S4 when this digital power amplification 
is operated by the muting condition, and was shown by 2B The wave shown in 
3B by showing the change of an one side PWM wave of PWM signal S4 when 
changing in the direction which the signal level of a digital signal S1 increases 
from 0 to a plus direction The change of an one side PWM wave of PWM signal 

S4 when changing in the direction in which the signal level of this signal S1 

-\ 

decreases in the minus direction from 0 is shown. 

[0007] The wave which the wave shown in drawing 2 C by 1C expressed the 
both-sides PWM wave of PWM signal S4 when this digital power amplification is 
operated by the muting condition, and was shown by 2C The wave shown by 3C 
by showing the change of a both-sides PWM wave of PWM signal S4 when 
changing in the direction which the signal level of this signal S1 increases from 0 
to a plus direction The change of a both-sides PWM wave of PWM signal S4 



when changing in the direction in which the signal level of this signal S1 
decreases in the minus direction from 0 is shown. 

[0008] In addition, in drawing 2 B and 2C, arrow-head -> shows the direction of 
these change, Notation t shows each wave-like repeat period of PWM signal S4, 
and this repeat period t is always fixed [ Notation ]. 
[0009] 

[Problem(s) to be Solved by the Invention] However, the wave of PWM signal S4 
shown in this drawing 2 B In order to change asymmetrically with change of the 
signal level of a digital signal S1, that the time amount center-of-gravity location 
(wave center position of the section which has started) of the signal wave form of 
PWM signal S4 changes with change of such a signal wave form by the cause 
The technical problem that there were many distortion components contained in 
the audible frequency range analog power signal S5 recovered from power 
switching signal S4 of a low-pass mold frequency filter section 6 odor lever 
occurred. 

[0010] Moreover, since the wave of PWM signal S4 shown in this drawing 2 C 
changes to both sides with change of the signal level of a digital signal S1, the 
problem from which the time amount center-of-gravity location of this signal 
wave form changes is solved, since [ however, ] the wave-like variability region 



shown in drawing 2 C will become half as compared with it of drawing 2 B so that 
clearly if the wave shown in drawing 2 B is compared with the wave shown in 
drawing 2 C - pulse width - in resolution's becoming half, the technical problem 
that this distortion component could not be pressed down theoretically or 
thoroughly occurred. 

[0011] Furthermore, when this PWM signal S4 is generated as a single-sided 
PWM wave shown in drawing 2 B, it is set again to each at the time of generating 
as a both-sides PWM wave shown in drawing 2 C. When the switching element 
of the power switching circuit section 3 is especially constituted from a 
power-metal-oxide-semiconductor-field-effect-transistor component, That a 
difference is in the build up time by the side of the positive edge of a switching 
waveform (rise time) and the fall time by the side of a negative edge (fall time) on 
the switching characteristic of this 

power-metal-oxide-semiconductor-field-effect-transistor component by the 
cause The technical problem that signal distortion was produced was in this 
audible frequency range analog power signal S5. 

[0012] This invention is made in view of this conventional technical problem, and 
aims at solving the above-mentioned technical problem using two single-sided 
PWM signals which have the relation of a two's complement (2*s complement) in 



the digital signal of an audible frequency range at each other. 
[0013] 

[Means for Solving the Problem] In order to solve a technical problem which was 
mentioned above and to attain the above-mentioned object. The digital power 
amplification of this invention according to claim 1 An PWM means to be the 
digital power amplification which was made to carry out switching control of the 
power amplification stage, and to change an input signal into two single-sided 
PWM signals which have the relation of a two's complement, The 1st 
power-switching means by which switching control is carried out with one PWM 
signal of these two single-sided PWM signals, With the 2nd power-switching 
means by which switching control is carried out with the PWM signal of another 
side of these two single-sided PWM signals It is characterized by supplying an 
output signal to the load means connected between the output side of the 
power-switching means of these 1st, and the output side of said 2nd 
power-switching means. 

[0014] By having constituted as mentioned above, the signal distortion 
component of the power signal of the audible frequency range outputted to this 
load means can fully be decreased with the digital power amplification of this 
invention according to claim 1. 



[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained with reference to a drawing. Drawing 1 applies this invention to the 
class D amplifier in which an example of this invention operation is shown and 
one example of digital power amplification is shown. 

[0016] First, an example of this D class power amplifier is explained. Drawing 1 
is the block diagram having shown the important section of D class power 
amplifier, and this D class power amplifier 1 is constituted by the loudspeaker 
section 7 which are the Pulse-Density-Modulation amplifier (pulse width 
modulation amplifier) 2, the 1st power switching circuit section 3, the 2nd power 
switching circuit section 4, the 1st power LPF section 5, the 2nd power LPF 
section 6, and a sound reproduction means. Moreover, 1A is a signal input 
terminal. 

[0017] The digital signal (digital audio signal) S6 of an audible frequency range 
inputted into signal input terminal 1A It is inputted into the 
Pulse-Density-Modulation amplifier 1. This Pulse-Density-Modulation amplifier 1 
is minded. So that it may become the 1st PWM (pulse width modulation) signal 
S7 modulated according to the signal level of this digital signal S6, and the 
relation between this signal S7 and a two's complement (2's complement) The 



2nd PWM signal S8 modulated according to the signal level of this digital signal 
S6 is generated, this 1st PWM signal S7 is inputted into the 1st power switching 
circuit section 3, and this 2nd PWM signal S8 is inputted into the 2nd power 
switching circuit section 4. 

[0018] 1st PWM power signal S9 generated through this 1st power switching 
circuit section 3 where this 1st power switching circuit section 3 is switched 
according to the 1st PWM signal S7 It is inputted into the 1st power LPF section 
5 which has the frequency characteristics which remove the carrier signal 
component of this 1st PWM power signal S9. The 2nd PWM power signal S10 
generated through this 2nd power switching circuit section 4 where this 2nd 
power switching circuit section 4 is switched according to the 2nd PWM signal 
S8 It is inputted into the 2nd power LPF section 6 which has the frequency 
characteristics which remove the carrier signal component of this 2nd PWM 
power signal S10. 

[0019] And separation generation of the power signal S11 of the 1st audible 
frequency range is carried out from 1st PWM power signal S9 through this 1st 
power LPF section 5, separation generation of the power signal S12 of the 2nd 
audible frequency range is carried out from the 2nd PWM power signal S10 
through this 2nd power LPF section 6, the loudspeaker section 7 drives in 



differential with these power signals S1 1 and S12, and sound is reproduced. 
[0020] Next, between the 1st power switching circuit section 3 and the 2nd 
output of power switching circuit section 4 each which were shown in drawing 1 
A In the BTL (balanced transformer less) connection circuit which the load which 
included the loudspeaker section 7 in the 1st power LPF section 5 and the 2nd 
power LPF section 6 iist which were connected to the serial was connected, and 
was constituted Each timing chart of 1st PWM power signal S9 given to this load 
and the 2nd PWM power signal S10 is shown and explained to drawing 1 B, and 
1C and 1D. In addition, in drawing 1 B, and 1B and 1C, an arrow head shows the 
direction of change of each [ these ] signal wave form, Notation t shows each 
repeat period of each signal wave form, and this repeat period t is always fixed 
[ Notation ]. 

[0021] these signals S9 in case D class power amplifier 1 is in a muting (muting) 
condition when the zero state is maintained for the signal level of the digital 
signal S6 with which drawing 1 B was inputted into signal input terminal 1A 
namely, and S10 — each signal wave form is shown, in this case, these signals 
S9 and the difference of S10 are always set to 0, and 
electrical-potential-difference S9-S10 given to this load turn into 0. 
[0022] When drawing 1 C expresses the maximum amplitude level of this digital 



signal S6 with Since a timing chart in case the signal level of this digital 
signal S6 changes in the direction of +0.8 grade + as an example is shown, for 
example, single-sided PWM wave signal S9 expresses +0.8 and the 
single-sided PWM wave signal S10 expresses -0.8 The time amount width of 
face of the pulse signal of the difference of these one side PWM wave signal S9 
in this case and the singie-sided PWM wave signal S10 serves as a both-sides 
PWM modulated wave form of the direction of + where the pulse width of 
right-and-left both sides is symmetrical to the time amount core of this pulse 
signal so that clearly from drawing 1 C. 

[0023] When drawing 1 D expresses the maximum amplitude level of this digital 
signal S6 with **1, Since a timing chart in case the signal level of this digital 
signal S6 changes in the direction of -0.6 grade - as an example is shown, for 
example, single-sided PWM wave signal S9 expresses -0.6 and the single-sided 
PWM wave signal S10 expresses +0.6 The time amount width of face of the 
pulse signal of the difference of these one side PWM wave signal S9 in this case 
and the single-sided PWM wave signal S10 serves as a both-sides PWM 
modulated wave form of the direction of - where the pulse width of right-and-left 
both sides is symmetrical to the time amount core of this pulse signal so that 
clearly from drawing 1 D. 



[0024] That is, according to this example, even if the amplitude level of this 
digital signal S6 changes in which direction of the direction of +, or the direction 
of -, the wave of a signal (S9-S10) has the advantage that secondary distortion 
which is time-axis top bilateral symmetry, and originates in an PWM modulation 
since the direction of + and the direction of - make a wave symmetrical with the 
bottom of eiectrical-potentiai-difference shaft very best does not occur. 
[0025] Moreover, in this example, the time amount width of face of the pulse 
signal of these signals S9 and the difference of S10 is determined only on the 
basis of each negative going edge of 1st PWM power signal S9. Therefore, 
when the switching element of the power switching circuit section 3 is especially 
constituted from a power-metal-oxide-semiconductor-field-effect-transistor 
component, there is an advantage to which that a difference is in the build up 
time by the side of the positive edge of a switching waveform (rise time) and the 
fall time by the side of a negative edge (fall time) can solve the technical problem 
that signal distortion is produced to this audible frequency range analog power 
signal S5 owing to on the switching characteristic of this 
power-metal-oxide-semiconductor-field-effect-transistor component. In addition, 
in this example, it explained as an example which applied this D class power 
amplifier 1 to the power amplifier of the signal of an audible frequency range. 



However, this example can be applied to control of the power amplifier used for 
the various object, such as applying to the power amplifier for actuation control 
of a motor, without being limited to this. 
[0026] 

[Effect of the Invention] As explained above, according to the digital power 
amplification which was made to carry out switching control of the power 
amplification stage of this invention according to claim 1 An PWM means to 
change an input signal into two single-sided PWM signals which have the 
relation of a two's complement, The output side of the 1st power-switching 
means by which switching control is carried out with one PWM signal of these 
one side PWM signal, By having connected the load means between the output 
sides of the 2nd power-switching means by which switching control is carried out 
with the PWM signal of another side of these one side PWM signal, the signal 
distortion component of the power signal of the audible frequency range 
outputted to this load means can fully be decreased. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a diagram explaining actuation of the block diagram having 
shown an example of the class D amplifier in connection with the digital power 
amplification of this invention, and this class D amplifier. 

[Drawing 2] It is a diagram explaining actuation of the block diagram having 
shown an example of the conventional class D amplifier, and this class D 
amplifier. 

[Description of Notations] 

2 [ ... The 1st power LPF section, 6 / ... The 2nd power LPF section, 7 / ... The 
loudspeaker section, S6 which are a sound reproduction means / ... A digital 
signal, S7 / ... The 1st PWM (pulsewidth modulation) signal, S8 / ... 2nd PWM 

signal ] Pulse-Density-Modulation amplifier (pulse width modulation 

amplifier), 3 ... The 1st power switching circuit section, 4 ... The 2nd power 
switching circuit section, 5 
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£A£«5ilffi£|B^-r3*±«fc 9 **^*&<D#X-i* -y 
^7 Z*y®WLX, 7 J- FA>y ^«HP*ff 5 J:3fc 

[0 0 3 0] cntioT, If— *Jfc-;l/KlHK&6tag 
n3*EtfXlf-#- 4 ©ffSA#Wi£ffifc:ffl3 , rs* 
E<k »>/Jv£i^i£fc:tt* F^>y ^M»*3IBf 

LX*>WifttZ>Z.tftXZZ>o 
[003 1] fct e©[Hl^fcfel/^T, 

if-*- 4^\©^*^©M / >^*V\ 

3 !Se«i:Jt«LriiiB»3 i©«Ba«*Sfb2«4^ 

fe«>, mm$83 1 ©i&f^7b^r*feSo 

4 ^ ili±«?UTX t?-*- 4 fC^n^«^^ffi L 
X^Zfcib, 7 J- K/W *#.H»*IMW"* U^l/i:^ 
«ij®fc<fe D -ffit Lfcm^«gS©B8^-^r*feS<, 

[0 0 3 2] «:fc±KR©lelSSlcfe(,^T, ^ti1§[i]SS3 
©«l«tt, W^{*H2te^-rj:3fc|3|^©*S@«S*2 
3R*E»^x -7j («F#K: C ] ZltLX*?) Icii^y 
A— $—3 O^tSUTSIIkL/ fdt*§£{£*& L , M«©ffi 
^Xlf-*-4©#-rX3-T;l/©«fc#t|&LfcB T 

ma, 23M«©J«fiiaK©^-fnft^tf^Tfe«fe^\ 

[0 0 3 3] $fc±^©@!gt^V>-C> ^«filHl»3 
©««S83 His ±5E©#E«if<BfcK&-t\ MAtfH 



(5) 



[0 0 3 4] *6fc:±a©lHl»fc^^T, *WBI4^y 
^ 4 fc*f\fc 3 *#Mrct>iS**« f 

3 4 ©^-XlCgM^ttSo C©h7y^^3 4©3 

i^**MtSK:8issttsfc#ic, c©hv^x^3 

4 0x5y^fB^SanS83 6£iICTXl?-£-4£> 

-4 0#^X3^;l/©-4ffigfixSg3 8, 3 9£fflt;Tif 10 
ipS§§3 1 <OSf5A^tgM*tlSo ^LTtti7JigJa§§3 

6 oiww«*nf f njgtnaB si, 5 z zmv xgmmisi 
g§5 3fcg^ns 0 

[0 0 3 5] Cttfc«fcoTC©lHl!&fc::i3^Tfe, ±k£© 

[miss 2 ^ e «Dfit^*ffl*nrx if-*- 4 n 

gtaf§3 6cOfMtc(iifili|g3 KOfHiMt 
[0 03 6] 

ebb©***] cojsjHte j:mr, *pJMHeiB®jRi 
;i^^ffl*aoffl«Kflfc»tt*fi»«iiE««iB 

i|i[H]liS©tH^©cDffi*gJr[(iXlf-*-{cg]i!jii*tt^« 

xtr-*-©-r>tr 

-cD^a^rfT 3 t « <fc 5 fc* o fc. 
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C0 2 ] sjEglfllc <fc 5 X e-*HIHft@»©flS00!l0>« 

C0 4] *%^(c«fe5Xt!-*-JS^IlHl8S0ft!!<D0l|<D@ 

[05] flS*©xe-#-IHft@80fl!tfBT*&a,, 
[06] fl»oxlf-*-WftHBW)«toRHTf**. 
[^F#©tMW] 

1 0 Xcf-*-|gs&EiSS 

1 A*)^? 

2 Sftfflffilft 

3 &?ttlHlglB 

4 xtr-*- 
3 1 mm$$ 

3 2, 3 3 f^fTTMS. 

3 4, 3 5 ffimfDY^yVT** 

3 6, 3 7 fi$tf§ 

3 8, 3 9 

5 HI&fiffi@S 

5 1,52 ffirim 

5 3 Miftiiiles 

5 4, 5 5 giafi 

6 l£- KHII& 
6 1 F 

6 2 n>"f^-9- 

6 3 ®$x§§ 

7 X-f<yf- 

8 JOSHES 

9 mwmsM 




31 
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39-4 38 
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